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Ojective: The aim of this report is to review the surgical experience of a 
single institution with a relatively large series of patients with mixed total 
pulmonary venous drainage. Patient population: Between January 1, 1971, 
and December 31, 1994, 232 patients with total pulmonary venous drainage 
underwent surgical correction. Twenty of these patients (8.6%) had mixed 
type total pulmonary venous drainage. Ages at operation ranged from 1 day 
to 46 months, with a median of 2.3 months. Results: Both cardiac catheter- 
ization and echocardiography were performed before operation in 12 
patients. Four patients underwent only cardiac catheterization, and an- 
other four patients underwent only echocardiography. The sensitivity and 
specificity for catheterization were 94% and 99%, respectively; they were 
31% and 100%, respectively, for echocardiography. Severe pulmonary 
venous obstruction was present in three patients, all of whom underwent 
emergency operation. Three patients (15%), all of whom had preoperative 
pulmonary venous obstruction, died after operation. There were two late 
deaths, one of pulmonary vein stenosis and the other of probable pulmo- 
nary hypertension. The actuarial survival at 10 years was 73% for all 
patients; patients who survived the initial operation had a 10-year survival 
of 87%. Conclusion: The diagnosis of mixed total pulmonary venous 
drainage can be difficult o establish by echocardiography or at the time of 
operation. For patients in stable condition, cardiac catheterization may be 
considered if fewer than three pulmonary veins are identified by echocar- 
diography. Pulmonary venous obstruction is relatively infrequent in this 
group of patients but when present impacts patient survival significantly. 
The long-term results with this lesion are excellent. (J Thorac Cardiovasc 
Surg 1996;112:1581-8) 
T otal anomalous pulmonary venous drainage (TAPVD) is a rare congenital heart lesion that 
has long challenged the surgeon dealing with con- 
genital heart defects. Several recent reports how- 
ever, have documented improving results with time 
for this lesion. 1-4 Early and accurate diagnosis, 
prompt repair, and improved control of postopera- 
From the Great Ormond Street Hospital NHS Trust, London, 
United Kingdom. 
Read at the Seventy-sLxth Annual Meeting of The American 
Association for Thoracic Surgery, San Diego, Calif., April 
28-May 1, 1996. 
Received for publication May 3, 1996; revisions requeste d June 
21, 1996; revisions received July 24, 1996; accepted for 
publication July 29, 1996. 
Reprint requests: Marc R. de Leval, MD, FRCS, Cardiothoracic 
Unit, Great Ormond Street Hospital for Children, London 
WC1N 3JH, United Kingdom. 
Copyright © 1996 by Mosby-Year Book, Inc. 
0022-5223/96 $5.00 + 0 12/6/76917 
tive pulmonary hypertension have been emphasized 
as critical factors in the improving results seen with 
this lesion. Some reports how an increased surgical 
risk for the infradiaphragmatic natomic subtype of 
TAPVD,S, 6 although this may no longer be a risk 
factor.3, 7-9 In several series, the mortality risk for 
the mixed anatomic subtype also appears to be 
increased, but this variant is relatively infrequent 
and most reports contain few patients with mixed 
TAPVD.10, 11 Consequently, it has been difficult to 
derive any conclusions regarding surgical mortality 
rates, risk of reoperation, late survival and func- 
tional status, or principles of repair for this lesion. 
Treatment of patients with mixed TAPVD is partic- 
ularly challenging with respect o preoperative diag- 
nosis and the technical aspects of surgical repair, 
especially for patients with mixed TAPVD who do 
not have a horizontal venous confluence. This re- 
view retrospectively analyzes a relatively large series 
of patients with this uncommon variant of TAPVD. 
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Fig. 1. Schematic representation f the morphologic variants of mixed TAPVD. Number of patients and 
frequency are listed below each illustration. See text for detailed descriptions of variants 1 through 9. 
Methods 
Patient population. Between January 1971 and Decem- 
ber 1994, 232 patients with the diagnosis of TAPVD 
underwent surgical repair at the Great Ormond Street 
Hospital for Children. The mixed anatomic type of 
TAPVD was present in 20 patients (8.6%). These 20 
patients, 12 male and eight female, constitute the study 
group. Weight at surgical repair ranged from 2.3 to 16 kg 
(median 4.2 kg). Age at operation ranged from 1 day to 46 
months, with a median of 2.3 months. 
Preoperative diagnostic studies. Preoperative diagnos- 
tic studies included both cardiac atheterization a d echo- 
cardiography in 12 patients. Echocardiography was the 
only diagnostic study in four cases, and cardiac catheter- 
ization was the sole diagnostic study in another four cases. 
All patients een since 1981 have undergone preoperative 
echocardiography. Balloon atrial septostomy was per- 
formed at cardiac catheterization i two patients. For 
patients who underwent preoperative cardiac atheteriza- 
tion, systolic pulmonary artery pressures ranged from 20 
to 80 mm Hg (mean 53 mm Hg). The ratio of systolic 
pulmonary artery pressure to systemic systolic pressure 
ranged from 0.22 to 1.2 (mean 0.64). Preoperative sys- 
temic oxygen saturation ranged from 65% to 95% (mean 
77%). 
Morphology. The anatomy and frequency of the mixed 
morphologic subtypes can be seen in Fig. 1. Most patients 
had a combination of the more common anatomic sub- 
types of TAPVD, such as the right pulmonary veins 
draining into the coronary sinus and one (Fig. 1, 1) or both 
(Fig. 1, 2) left pulmonary veins draining into a vertical 
vein. Two patients had pulmonary veins on the right side 
connecting to a descending vein that ultimately drained 
into a vein below the diaphragm. Both veins on the left 
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side connected to a vertical vein, which in turn drained 
into the innominate vein (Fig. 1, 3). Two patients had 
right-sided pulmonary veins draining into the superior 
vena cava, with left-sided veins draining into a vertical 
vein (Fig. 1, 4) or the coronary sinus (Fig. 1, 5). One 
patient had a typical coronary sinus type defect hat also 
connected to a vertical vein (Fig. 1, 6); this vein was 
actually a left superior vena cava because it connected the 
coronary sinus and left innominate vein. Another patient 
had an obstructed right upper vein draining into the 
superior vena cava, with the remaining veins connected to 
a horizontal vein that ultimately drained into a vertical 
vein (Fig. 1, 7). Two patients had an unusual plexus of 
veins behind the pericardium, one arising from the left 
lung (Fig. 1, 8) and the other arising from the right lung 
(Fig. 1, 9). 
Associated cardiac lesions, A perimembranous ventric- 
ular septal defect was present in three patients. Pulmo- 
nary valvular stenosis was noted in one patient. 
Operations. The earliest patient in the series had the 
repair performed through abilateral thoraeotomy. All the 
remaining patients had median sternotomies. Early in the 
series, hypothermia was accomplished by a combination of 
surface cooling and cardiopulmonary b pass; since 1984, 
however, bypass alone has been used for cooling. Patients 
were cooled to 18 ° to 22 ° C. Cardioplegia was used in the 
14 patients who underwent surgical repair after 1980. 
Intermittent ischemic arrest was used before 1980. The 
mean cardiopulmonary b pass time was 85 minutes (range 
62 to 106 minutes). Circulatory arrest was used in 16 
patients. The mean length of circulatory arrest was 40 
minutes, With a range of 29 to 60 minutes. 
In terms of surgical management, the patients could be 
conceptually divided into two groups: (1) "3 + 1," in 
which three veins drained into the coronary sinus or 
horizontal venous confluence, with the remaining vein 
draining at another site (Fig. 1, 1, 6, and 7), and (2) "2 + 
2," where the veins of each side connected with systemic 
venous drainage at separate sites (Fig. 1, 2, 3, 4, 5, 8, and 
9). 
For the 3 + 1 group of patients, the drainage of the 
three pulmonary veins into the coronary sinus or horizon- 
tal venous confluence was surgically managed by standard 
surgical techniques. Patients with a coronary sinus-type 
defect had a portion of the atrial septum between the 
coronary sinus and atrial septal defect resected, with wide 
opening of the foramen ovale or secundum atrial septal 
defect and closure of the resulting defect with a pericar- 
dial or Dacron polyester fabric patchJ 2 If a horizontal 
venous confluence was present, an anastomosis with the 
posterior aspect of the left atrium was created with a 
running polypropylene suture. A variety of approaches 
were used for the remaining isolated pulmonary vein. In 
three patients with drainage of the left upper pulmonary 
vein into the left innominate vein (Fig. 1, 1), this isolated 
lobar vein was left uncorrected. The remaining patients 
with this drainage connection had the left upper vein 
anastomosed to the left atrial appendage. In one case 
(Fig. 1, 7), an isolated right upper pulmonary vein drain- 
ing into the superior vena cava was obstructed. The 
diagnosis of obstruction of this vein was established by 
chest radiography, which demonstrated pulmonary edema 
restricted to the right upper lobe. The site of drainage into 
the superior vena cava was high, and the vein could not be 
connected with the left atrium. This obstructed vein was 
reimplanted into the superior vena cava. 
Patients with the 2 + 2 type of drainage posed partic- 
ular problems because th y lacked a horizontal venous 
confluence behind the heart; establishing connection be- 
tween the pulmonary veins and the left atrium required a 
variety of techniques. Vertical veins on the left side were 
anastomosed to the left atrial appendage. A vascular 
clamp was placed across the base of the left atrial append- 
age. The appendage was then amputated obliquely, leav- 
ing a wide opening for the anastomosis. Any remaining 
trabeculae were then resected. The vertical vein was 
ligated and divided as close to the innominate vein as 
possible and then mobilized to the hilum. A generous 
opening was made in the pericardium to create a wide 
passage for the vein and to prevent kinking. The end of 
the vertical vein was then beveled and anastomosed to the 
left atrial appendage with a running polypropylene suture. 
Right-sided pulmonary veins were managed by conven- 
tional techniques. Veins draining into the superior vena 
cava (Fig. 1, 4 and 5) were connected to the left atrium by 
a bane. Patients with a descending vein (Fig. 1, 4) had the 
vein widely mobilized and anastomosed to the back of the 
left atrium with a running polypropylene suture. The 
distal descending vein was ligated in both cases; however, 
in one patient the right lower lobe vein was inadvertently 
ligated, with resulting venous infarction of the right lower 
lobe. Right lower lobectomy was performed on the second 
postoperative day. This patient's ubsequent course was 
uncomplicated. Patients with the right veins draining into 
the coronary sinus (Fig. 1, 2 and 8) were managed by the 
technique described previously. 
In one patient, the right pulmonary veins drained into 
the coronary sinus and the left pulmonary veins drained 
into a plexus of veins behind the pericardium (Fig. 1, 8). 
The pericardium was opened and the largest vein in the 
plexus was anastomosed to the posterior aspect of the left 
atrium. In another patient, the right pulmonary veins 
drained into a retrocardiac plexus (Fig. 1, 9). The largest 
vein in the plexus was opened, but extensive thrombus was 
found. A thrombectomy was attempted unsuccessfully. No 
patent veins of a satisfactory size could be identified in the 
plexus. Postoperative angiocardiography demonstrated 
sluggish venous drainage from the right lung. The exact 
site of pulmonary venous drainage into the systemic 
venous system of this patient could not be identified. 
Statistics. Survival was estimated by actuarial analysis. 
Sensitivity and specificity of echocardiography and cathe- 
terization were determined by the standard equations. 13 
Intraoperative findings were used as the gold standard for 
these determinations. 
Results 
Survival. The operative mortality was 15% (3/ 
20). All patients who died were acutely ill before 
operation and underwent emergency operation in 
response to pulmonary venous obstruction. None of 
the other patients in this series had clinically apparent 
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pulmonary venous obstruction; each of these patients 
had cyanosis. One patient died of multiple organ 
failure after a protracted course in the intensive care 
unit. At autopsy, this patient was found to have severe 
right ventricular hypertrophy and histologic evidence 
of pulmonary hypertension. The other two patients 
died on the day of operation, one of a pulmonary 
hypertensive crisis and another of low cardiac output; 
pulmonary hypertension may have been a contributing 
cause of death in this latter patient. 
There were two late deaths, one during cardiac 
catheterization 4 months after operation to evaluate 
pulmonary vein stenosis caused by intimal hyperpla- 
sia. This patient (Fig. 1, 6) had a coronary sinus type 
repair and ligation of a left vertical vein. Another 
patient died at home 6 weeks after operation, 
presumably of pulmonary hypertension although 
this was not clearly established. Actuarial survival at 
10 years was 73% (70% confidence limit 63% to 
85%) for all patients (Fig. 2, A). For operative 
survivors, 10-year actuarial survival was 87% (70% 
confidence limit 74% to 99%; Fig. 2, B). 
Diagnosis. The correct diagnosis and an accurate 
description of anatomy were obtained before oper- 
ation for 15 of 16 patients (97%) who underwent 
preoperative catheterization and angiocardiog- 
raphy. In one patient, a left upper pulmonary vein 
draining into a vertical vein was undetected. There 
was also one patient whose diagnosis was mixed- 
type TAPVD by catheterization, but both operative 
findings and postoperative catheterization failed to 
confirm this diagnosis. The sensitivity of catheter- 
ization was 94% and its specificity was 99%. 
Of 16 patients who underwent preoperative echo- 
cardiography, the correct diagnosis and description 
of anatomy were determined in only five cases 
(31%). In one case, the diagnosis of TAPVD was 
missed altogether. In the other cases, the diagnosis 
of TAPVD was established but the presence of the 
mixed type was not realized. There were no known 
false-positive echocardiographic diagnoses of 
mixed-type TAPVD. The sensitivity and specificity 
of echocardiography for mixed TAPVD were 31% 
and 100%, respectively. 
Postoperative course. All patients required post- 
operative inotropic support. The mean duration of 
ventilator support was 7 days (range 2 to 27 days), 
and the average postoperative stay in the intensive 
care unit was 7 days (range 3 to 32 days). 
Two patients early in our experience had postop- 
erative seizures. One patient was cooled to a naso- 
pharyngeal temperature of 10 ° C and the other was 
cooled to 15 ° C, both of which were lower temper- 
atures than used in any other patient in this series; it 
is unknown whether this may have contributed to 
the seizures in these patients. The circulatory arrest 
times for these two patients were 43 and 55 minutes, 
respectively. Two patients had acute postoperative 
renal failure that necessitated temporary peritoneal 
dialysis. One patient had a case of Escherichia coli 
infection that responded to antibiotics. 
Reoperations. One patient mentioned earlier un- 
derwent a right lower lobectomy on the second 
postoperative day as a result of inadvertent ligation 
of the right lower lobe vein. There were no late 
reoperations. 
Late functional status. Complete follow-up was 
available for all but one patient; this patient was no 
longer available for follow-up 16 years after opera- 
tion. All patients were followed up by local cardiol- 
ogists and periodically underwent echocardiogra- 
phy; the intervals between echocardiographic 
follow-up varied according to local custom. The 
mean length of follow-up was 9 years, with a range 
of 2 months to 21 years. All survivors are in New 
York Heart Association functional class I and are 
free of medications. The three patients who had 
drainage of the left upper pulmonary vein left 
uncorrected id not have any clinically apparent 
sequelae. One of these patients had a postoperative 
cardiac catheterization, by which the ratio of sys- 
temic to pulmonary resistance was documented to 
be less than 1.5:1. 
Discussion 
TAPVD is a rare congenital heart defect, ac- 
counting for only 1% to 2% of all cardiac defects. ~4 
Appreciation of the embryology of pulmonary ve- 
nous development is necessary to understand the 
morphologic variants of TAPVD. Early in develop- 
ment, the lung buds are enmeshed in a splanchnic 
plexus that communicates superiorly with the ante- 
rior cardinal veins and inferiorly with the umbilical- 
vitelline system. There is no connection with the 
heart at this stage. Communication between the 
heart and the pulmonary vascular bed depends on 
evagination of a common pulmonary vein from the 
sinoatrial portion of the heart. When connection is
made between the pulmonary vasculature and the 
heart, the communications with the cardinal and 
umbilical-vitelline systems are lost. ~3 One classifica- 
tion system of TAPVD emphasizes the embryologic 
origins of the anomalous venous connections: (1) 
drainage to the right atrium, (2) drainage to the 
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Fig. 2. A, Actuarial estimate of survival for all patients undergoing surgical repair of mixed TAPVD. 
Dotted lines represent 70% confidence limits. B, Actuarial estimate of survival for patients urviving 
operation for mixed TAPVD. Dotted lines represent 70% confidence limits. 
right common cardinal system (superior vena cava 
or azygous vein), (3) drainage to the left common 
cardinal system (left innominate vein or coronary 
sinus), and (4) drainage to the umbilical-vitelline 
system (portal vein, ductus venosus, and so on). 15 
Although this classification clarifies the embryology 
of TAPVD, the most clinically useful classification 
system, that of Darling, Rothney, and Craig, 16 cat- 
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egorizes the various forms of this lesion by site of 
connection of the anomalous pulmonary venous 
pathways. The supracardiac type (type I), which is 
the most common, has an anomalous connection at 
the supracardiac level, usually the innominate vein 
but occasionally atthe superior vena cava or azygous 
vein. Type II lesions include all connections at the 
cardiac level, usually into the coronary sinus. Pa- 
tients can also have anomalous infracardiac connec- 
tions (type III). The mixed type (type IV) involves 
anomalous connections at two or more separate 
sites. The mixed type is the least common type, 
constituting 5% to 10% of patients with TAPVD in 
large series. 3' 17, 18 Principles of management and 
surgical repair of mixed TAPVD have been difficult 
to define because of the small number of patients in 
most surgical series. 
Two patients in this series had an extremely 
unusual form of mixed TAPVD, with a retrocardiac 
plexus behind the pericardium draining the right 
lung in one case and the left lung in the other. In 
both cases, echocardiography failed to identify any 
pulmonary veins on the respective sides. The embry- 
ology of this defect is uncertain, but the plexus may 
represent persistence of the splanchnic plexus that 
enmeshed the lungs buds early in development. 
The horizontal venous confluence present in most 
cases of extracardiac TAPVD has been called "the 
surgeon's friend ''~8 because in most cases this con- 
fluence can be anastomosed to the back of the left 
atrium relatively easily. In mixed TAPVD, however, 
the horizontal venous confluence is frequently ab- 
sent altogether. ~sThe surgical approach to patients 
with mixed TAPVD can be simplified by classifying 
patients as having a 3 + 1 connection or a 2 + 2 
connection. It is important for the surgeon to con- 
firm the drainage pattern of all four pulmonary veins 
during operation. Patients with a 3 + 1 connection 
can have the coronary sinus or horizontal venous 
confluence connected to the left atrium by the 
well-described techniques used for the more com- 
mon forms of TAPVD. 1-9 Management of the re- 
maining pulmonary vein must be individually tai- 
lored. If there is evidence that the isolated vein is 
obstructed, creation of a connection to the left 
atrium is mandatory. If the vein is not obstructed, a 
variety of options are available. The vein may be left 
uncorrected. This will leave a small left-to-right 
shunt, because when a single pulmonary vein is 
anomalously connected, the anomalously draining 
blood flow is about 20% of total pulmonary blood 
flow. 19 Patients who have a single anomalously 
connected vein usually do not come to medical 
attention and are considered to have an excellent 
prognosis. 14There have, however, been isolated 
reports of pulmonary vascular obstructive disease 
developing as a consequence of the left-to-right 
shunt present in patients with a single anomalous 
pulmonary vein. 2°' 21 Some groups have therefore 
advocated repair of all anomalously draining single 
pulmonary veins. 2°' 22, 23 
A novel approach suggested by Brantigan 24 for 
patients with isolated anomalous lobar venous 
drainage is removal of the lobe that is anomalously 
connected. Lobectomy iswell tolerated in infants, as 
demonstrated by the patient in this series who 
required lobectomy for venous infarction. There is a 
potential for pulmonary growth after lobectomy 
because alveolar development continues until ap- 
proximately 7 years of age, and a theoretic argument 
could be made that lobectomy may be preferable to 
leaving a left-to-right shunt, which in some circum- 
stances could be greater than 1.5 to 1. 
Patients with a 2 + 2 pattern of drainage can be 
conceptually approached as having bilateral partial 
anomalous pulmonary venous drainage. Techniques 
for establishment of connection between right pul- 
monary veins and the left atrium have been well 
described. 25Isolated anomalous venous drainage on 
the left side is much less common than on the right. 
Most techniques of connecting left-sided veins in- 
volve an anastomosis tothe left atrial appendage, as
first described by Kirklin. 26 Concerns have arisen 
regarding the patency of an anastomsis to the left 
atrial appendage because this structure is heavily 
trabeculated. ~7 The long-term patency of this anas- 
tomosis has not been established. The excellent 
long-term outcome in patients with this anastomotic 
connection in this series as well as others, 22 how- 
ever, suggests that clinically apparent obstruction is
uncommon. 
The correct preoperative diagnosis and an accu- 
rate description of anatomy are important for sur- 
gical management of patients with mixed TAPVD. 
In most cases of TAPVD, echocardiography is suf- 
ficient for diagnosis and is usually preferable to 
cardiac catheterization. 5 Identification of at least 
three veins by echocardiography is probably suffi- 
cient evidence to proceed with operation. As noted 
earlier, it is important o identify all four veins 
during operation. If, however, only two veins are 
identified by echocardiography, cardiac atheteriza- 
tion and angiocardiography s ould be considered to 
clarify the anatomy of pulmonary venous drainage. 
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Magnetic resonance imaging is another imaging 
modality that may provide an accurate description 
of pulmonary venous drainage; early reports are 
promising but the clinical experience to date has 
been limited. 28' 29 
Operative survivors after repair of mixed TAPVD 
appear to have long-term outcomes imilar to those 
for other forms of TAPVD. An occasional patient 
may have late pulmonary vein stenosis, as seen in 
the other types of TAPVD. This stenosis may be at 
an anastomotic site or may be remote from the 
anastomosis, as was the case in the patient in our 
series with late pulmonary vein stenosis. The etiol- 
ogy of this form of pulmonary vein stenosis is 
unclear. Patients who survive correction of mixed 
TAPVD have excellent long-term functional results, 
with patients free of medications and enjoying nor- 
mal activity. 
In summary, mixed TAPVD is a comparatively 
rare variant of TAPVD. The primary challenges 
posed by these patients center around diagnosis and 
the technical aspects of surgical repair. The diagno- 
sis and accurate description of anatomy are difficult 
to establish. Cardiac catheterization may be war- 
ranted if only two pulmonary veins are identified by 
echocardiography. Surgical approaches vary accord- 
ing to whether a 3 + 1 or a 2 + 2 drainage pattern 
is present. Operative survivors have good long-term 
survival and functional capacity, similar to those for 
other forms of TAPVD. 
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Discussion 
Dr. Ralph S. Mosca (Ann Arbor, Mich.). Thank you for 
an interesting and well-presented article, and for the 
opportunity to review your manuscript before this session. 
The Great Ormond Street group has maintained excellent 
results for more than 20 years with this difficult group of 
patients with TAPVD. That only 20 patients were encoun- 
tered at such a busy institution underscores the rarity of 
this lesion and the need for a high index of suspicion. 
You have stressed the importance of an accurate pre- 
operative diagnosis in planning a successful operation. 
This is especially true in neonates, in whom identifying 
these variants during operation may be difficult. Echocar- 
diography, although highly specific, was only 31% sensi- 
tive in arriving at the correct diagnosis. Most would agree 
that leaving a single vein unrepaired is a wise decision if 
performing this repair risks pulmonary infarction. The 
resulting left-to-right shunt will be well tolerated in the great 
majority of cases. As a guideline in your manuscript, you 
stated that  cardiac atheterization may be unnecessary if 
three veins are well visualized and there is no clinical 
evidence of obstruction. I wonder whether other factors 
should also be considered. First, in situations in which there 
is dual drainage of a vein, one pathway may be serving to 
decompress this vein, and the presence or absence of ob- 
struction may therefore be difficult to quantify. 
In addition, the specific nonvisualized vein should be of 
some import as well. For example, given the fact that the 
right lower lobe vein is rarely anomalous in isolation, one 
can be reasonably certain of the diagnosis if all veins but 
the right lower lobe vein are seen. If the left lower lobe 
vein is not visualized, however, the exact configuration of 
the veins is much more uncertain. Perhaps you could 
comment on your indications for catheterization in light of 
these remarks. 
Although it is necessary to perform an anastomosis of
the left-sided veins to the left atrial appendage, as you 
have very nicely shown, the appendage is muscular, con- 
tracts with the cardiac ycle, and may be under some 
tension; it thus may have a tendency to stenose with time. 
You have excellent long-term follow-up, suggesting no 
major problems. Do you have any data concerning the 
patency of this anastomosis n long-term follow-up? 
Finally, pulmonary hypertension remains a potentially 
serious problem in the postoperative management of 
these patients. What is your experience with the use of 
nitric oxide in this patient population? 
It is encouraging to see the excellent long-term results 
that can be achieved if one can solve these initial struc- 
tural problems. The results are a credit to your institu- 
tional expertise and innovation. 
Dr. Delius. We actually wrestled quite a bit with the 
indications for cardiac catheterization. Christopher Lin- 
coln, across town, wrote and article in the American 
Journal of Cardiology in 1988 that suggested that cardiac 
catheterization carries ome significant morbidity in these 
patients. With the onset of color Doppler ultrasonogra- 
phy, I think that the echocardiographers a egetting better 
in identifying all four veins and exactly where they con- 
nect. I think that in the end the decision to do cardiac 
catheterization has to be made individually for each 
patient. Some patients are going to be moribund before 
operation, and it would be difficult o perform a catheter- 
ization in those patients. But I think the issues that you 
point out are very poignant; if you have any questions, a
cardiac catheterization would be quite reasonable. 
You also raise an issue about which all of us have 
thought. Kirklin first did this left atrial appendage anas- 
tomosis in 1954, and I think people that have been asking 
about whether this causes stenosis or not ever since. There 
are no studies of which I am aware of that have docu- 
mented whether this anastomosis stays patent. There is no 
clinically apparent stenosis evident, however, we do not 
know for sure. We were contemplating doing that as a 
next study. 
In the article, we noted that three of our patients had 
postoperative pulmonary hypertension. These have been 
managed between 1971 and 1994, and there have been a 
large number of approaches used for the management of
pulmonary hypertension. Nitric oxide was not used for any 
of these patients, primarily because most of those who had 
serious problems were operated on in the 1970s and 
1980s. However, we have certainly used nitric oxide with 
great success for other forms of TAPVD. I believe that 
nitric oxide is helpful in the management of postoperative 
pulmonary hypertension. 
